We extend a lattice Boltzmann algorithm of liquid crystal hydrodynamics to include an applied electric field. The approach solves the equations of motion written in terms of a tensor order parameter. Back-flow effects and the hydrodynamics of topological defects are included. We investigate some of the dynamics relevant to liquid crystal devices; in particular defect-mediated motion of domain walls relevant to the nucleation of states useful in pi-cells. An anisotropy in the domain wall velocity is seen because defects of different topology couple differently to the flow field.
INTRODUCTION
The coupling of the optic and electric response of liquid crystals has lead to their wide application in display devices in recent years. Liquid crystalline materials are often made up of long, thin, rod-like molecules.
(1) This anisotropy is what leads to their useful optic properties. The molecular geometry and interactions can lead to a wide range of equilibrium phases. In this paper we are concerned with the nematic phase where the molecules tend to align along a preferred direction, referred to as the director, giving longrange orientational order. The propensity to order, as well as the direction along which the system orders are conveniently described by a tensor order parameter Q.
(1)
An important feature of the nematic phase is the possibility of topological defects. These are director configurations that cannot relax to the nematic ground state by a continuous rotation of the molecules. Examples of such defects that we will consider are shown in Fig. 2b . In addition, although widely recognized as an important factor in device performance, the flow of the liquid crystal in response to changes in the orientation of the molecules is both difficult to measure experimentally and to incorporate into a simulation of the device.
Liquid crystal hydrodynamics are typically described by the EricksenLeslie-Parodi equations of motion.
(1) However these are restricted to an order parameter field of constant magnitude and do not include the hydrodynamics of topological defects. Here we consider the Beris-Edwards formulation of liquid crystal hydrodynamics.
(2) This allows for variations in the magnitude of the nematic order parameter and correctly models both defect dynamics and the coupling between the velocity field and the motion of the order parameter.
The Beris-Edwards equations are complex and previous numerical work to explore different flow regimes is very limited. In ref. 3 these equations were used but the problem was simplified by imposing a velocity field and ignoring back-flow (back-flow refers to the effect of the order parameter dynamics on the velocity field). In ref. 4 an Euler solution of a somewhat simpler version of the Beris-Edwards model was used to study the effect of hydrodynamics on phase ordering in liquid crystals. However it has recently been shown that the Beris-Edwards equations can be solved successfully using a lattice Boltzmann algorithm. In this paper we will extend the lattice Boltzmann approach described in ref. 5 to include the electric field terms necessary for a description of electro-optic device physics. The model is also generalized to include the three elastic constant formula for the deformation free energy of the liquid crystal. The equations of motion are presented in Section II and an outline of the numerical algorithm in Section 3.
We then apply the algorithm to some examples of interest in device physics.
(6) The nematic liquid crystal is confined between two plates a few mm apart. The director configuration on the plates is fixed. When an electric field is switched on, the molecules align parallel or perpendicular to the field depending on the sign of the anisotropy of the dielectric constant. After switching off the field, long-range elastic interactions ensure that the molecules reorient themselves in the direction preferred by the surfaces. The device can be used as a display because different liquid crystal orientations have different optical properties.
Switching between different director orientations can take place homogeneously throughout the bulk of the device or it may proceed through domain growth involving the motion of domain walls, together with associated defects.
(7) The operational state of a device such as a pi-cell
